The nutrition transition in China has proceeded to the extent that the food -consumption behaviour of low-income and high-income groups is different. Failure to consider these differences could lead to inappropriate assumptions about some basic food policy issues. This analysis was undertaken using a sample of adults 1850 years old from the 1991 China Health and Nutrition Survey. Low-income families have a greater propensity to increase or decrease fat and calorie intakes than high-income families. This difference has important, policy implications and shows why it should be considered in making decisions regarding consumption behaviour. Selecting the appropriate income switching or cut-off point is central to capturing this structural difference.
Introduction
A substantial body of literature attempts to explain patterns of food consumption or nutrient intake with respect to income. These studies frequently involved regression analyses that hypothesize that food consumption or nutrient intake is "produced" as a function of income combined with other structural variables such as personal characteristics (age, sex, smoking) and socio-economic characteristics (urban or rural residence, occupation) [1] [2] [3] [4] [5] . The usual approach is to pool data from the whole sample and run a single regression. In this case, the model is the same for all income levels, and it is assumed that the relationships among income, prices, and other explanatory factors and food intake outcomes is the same for all income levels.
If the behaviour of higher-and lower-income groups is different, traditional statistical estimates of an income and diet relationship would be biased [6] . More important, the effect of the key relationships for the target population of low-or high-income groups might be incorrect. The behaviour of the two groups probably will vary in countries such as China, where food markets are not constrained, dietary adequacy has been achieved for a significant segment of the population, and disposable income allows higher-income groups some flexibility in their consumption patterns.
This literature does not necessarily assume that the income and consumption relationship is linear, but it generally assumes that there are not shifts in overall decision-making processes. Few researchers assume that every increment of increased income is associated with the same amount or proportionate consumption change. This literature often explores complex nonlinear income and consumption relationships. A wide range of functional forms for the independent income and dependent consumption outcomes are used. The literature on this topic is vast. What is rarely examined is the way the overall set of parameters changes with income [7] .
After reviewing the literature, however, one finds that little attention has been devoted to estimating regression models in which the variables are not necessarily assumed to have positive or negative values in perpetuity, and to the exploration of the specific form of the relationship between income and food consumption. In Brazil there is strong reason to question this assumption [4] . In a national analysis of the income and body mass index (BMI) relationship among the 30% poorest Brazilian families, increases of income were significantly and positively related to increases of women's BMI (r=.11, p<.001). The same applied to the next 40% of families (r=.06, p < .001) but not to the richest 30% of families, where income and women's BMI wore significantly and negatively related (r=.05, p < .001).
Little else is done to examine this income and nutrition status relationship in low-income countries. The consideration for a shift in between them appears to be reasonable when we analyse the food-consumption patterns in many developing countries where income is highly constrained for lower-income households compared with higher-income ones.
Economic theory posits a positive relationship. Essentially, the proportion of income expended on food is reduced as income increases. Moreover, the absolute level of food expenditures increases as income increases. In addition, several other associations between income and food consumption have been observed.
With increasing income, the proportion of energy in the diet &am various sources changes in the following ways: » Unseparated animal fat and animal protein increase. » Unseparated vegetable fat and vegetable protein decrease. » Carbohydrate decreases. » Sugar and separated edible fat increase.
This well-known relationship is based mainly on cross-country comparisons but is buttressed with a number of within-country time-series studies [8] . The responsiveness of total dietary energy, total and saturated fat, and other macro-and micro-nutrients to income change depends on the nature of the demand for particular foods as well as overall eating patterns. For example, in China, pork consumption is highly responsive to increases in income, which results in large increases in the proportion of energy from fat [9] . As many have shown, food demand is much more price-and income-elastic among the poor than among higher-income groups [10, 11] .
In contrast, when income increases are spent on more elaborate packaging and processing or on higher quality of specific foods rather than on larger quantities of food or shifts in types of foods, changes in income have little effect on dietary structure. In other words, beyond the point at which total food energy needs are met, people spend more per food item, partly to obtain higher quality [12] . But they also combine these changes in quality with increased consumption of higher-priced goods that have undergone more processing [13] . In other words, they purchase food items that take much less time to prepare. The net effect does not have to be an increase in total energy intake. It might mean the reverse under many circumstances.
Over the last 15 years China has achieved remarkable economic progress. From 1979 to 1987, income per capita quadrupled in rural areas and tripled in urban ones [14] . Accompanying these changes was a rapid transition in dietary patterns, so that now undernutrition and overnutrition coexist [15] .
It would be reasonable to assume that foodconsumption behaviour may differ in households with a low income and those with a high income. The propensity (mainly in the economic sense) to choose foods high in fat, protein, and calories is different for people with low and high incomes because they face different price and budget constraints. In addition, as is shown in descriptive statistics, high-and low-income populations engage in different physical activities at both work and home. A low-income family has little chance to increase fat and caloric intake because of limited affordability and availability. But as income improves, the propensity to increase these intakes might well be expected to be large. In contrast, a high-income family has much more leeway for discretionary consumption, depending on its own standards [12] .
Dissimilar income has different effects on the structure of the function in terms of the direction and magnitude of the effects of the explanatory variables. This makes usual (structural) methodology difficult, if not impossible, to apply. Failure to account for this possibility may bias our perception of the contribution income makes to dietary intake. Appropriate estimation methods for explaining food consumption must be developed.
Food-consumption behaviour is very difficult to describe and predict. In our study, we observed a mixture of old and new habits growing from expectations or preconceptions about a "good" meal and healthful setting. The reactions of income are varied. Trends associated with income include increases in animal product and total fat intake, the quality of the foods purchased, and the proportion of processed and away-from-home consumption. The net effects on nutrient intake levels depend on a wide range of factors. Apart &am income, demographic characteristics such as gender, ethnicity, education, and employment status, and other factors such as residence, market price, women's participation in the labour force, and food policy can also be important because of the way they relate to consumption or concurrently coaffect consumption with income.
Materials and methods

Survey design
The China Health and Nutrition Survey was designed to provide comprehensive information on individual nutrition status, individual and family economic status, and community conditions. It included foodconsumption data, physical examinations, and household and community characteristics. The sample frame covered eight provinces with varied geography, economic development, public resources, and health indicators. In each of the provinces, a multi-stage, random cluster process was used to draw a sample consisting of two cities (usually the provincial capital and a less-developed city) and four counties stratified by low, middle, and high income. The total sample contained 3,780 households and about 16,000 individuals. The detailed description of the sample design is presented elsewhere [16] .
The data used for the present analysis came from the second round of the survey (1991). Three waves of data were collected (1989, 1991, 1993) , but the most recent is unavailable for analysis. For the purpose of reducing variability caused by age, we selected individuals 18-50 years old, giving a subsample of 5,975 individuals. After the elimination of those for whom some data were missing, an analysis sample of 5,932 persons was available.
Dependent variables and explanatory variables
The dependent and explanatory variables included in this analysis are shown in table 1. Three nutrients were selected as dependent variables for their importance to health and their ability to reflect consumption behaviour: fat intake, caloric intake, and percentage of calories from fat (% fat). Fat intake and % fat were chosen because of their potential contribution to obesity, diabetes, cancer, and cardiovascular risk and because their intakes are indicative of consumption of specific, more preferred food groups such as animal products. For each individual, control variables of age, sex, education, smoking, intensity of labour activity, and region of residence were selected as independent variables because they are linked directly or indirectly to income and nutrient consumption. For example, findings in China [16] and the United States [17] suggest that people with high incomes usually drink more alcohol than those with low incomes. In China, drinking alcohol not only contributes directly to caloric intake but also often accompanies meat intake and thus increased fat intake. People living in northern and southern areas have different food habits, including alcohol consumption.
Higher-income persons in this study consumed less energy but had a much higher fat diet. The lowerincome sample consumed over 3.5 percentile points less energy from fat than the higher-income sample, but also 176 more kilocalories of energy. The two groups were remarkably different in education, area of residence, and patterns of physical activity.
Ethnicity is presumed to be associated with food consumption. In our study sample, almost 90% were Han; this was not a significant factor. Control variables were height, weight, number of children under the age of seven years, and job type, all of which were dropped because of lack of statistical significance. The variables in the final specification were all significant at the 10% level or better. 
Dietary data
Individual dietary intake data were collected for three consecutive days, randomly allocated from Monday to Sunday. Each individual was interviewed daily to report all food eaten at home and away from home on a recall basis.
In addition, weighing and inventory techniques were employed for collecting household food-consumption data for the same three days. All food in the house-including raw food, processed food, and edible oils and salt-was weighed and recorded at the beginning of the survey. All food entering the house and all food discarded was weighed and recorded during the three days. All remaining food was again weighed and recorded at the end of the last day.
Collecting individual and household dietary data allowed the immediate calibration in the field of nutrient intake calculated from two data sources. The type and amount of food consumed by any household or individual could be cross-checked for significant discrepancies between the two sources, and those respondents could be revisited for correction. (Because all the calibration was done in the field by the investigator, we do not have the number of individuals or households whose food data were calibrated.)
The nutrient intakes used in this analysis were calculated from the individual data of the three consecutive days. We averaged the intake, which could reduce intra-individual variability and more closely measure "usual intake" [18, 19] . Almost the entire sample had a full set of dietary information. It was necessary to use intake data from one or two days because of missing data for only a very small sample. 
Income data
Of the explanatory variables, the most important for this analysis is income data. Income could be produced by cash and non-cash, market and non-market activities.
Household income was estimated in detail by including all cash and non-cash income components (food and other subsidies, commodity coupons, private farm crops). Table 2 presents the relationship among income, nutrient outcomes, and several foods for this adult sample in 1989. The sample is stratified into income tertiles to provide some sense of the shift in diet with income changes.
Income and consumption relationship
Statistical methods
The relationship between nutrient intake and income and other explanatory variables was estimated in three multiple regression models.
The first model used for the description hypothesized linear relationship without any interaction between income and all other variables [20] :
where Y is the dependent variable of the tth observation, B 1 is a coefficient for the variable of the income, I is income, B 2 is a vector of unknown coefficients, X is a vector of other explanatory variables, and E is an error term, which is a distributed random variable with (0,σ 2 ).
The second model hypothesized a similar linear relationship but with interaction between the income and all other explanatory variables:
The third model was designed to explain structural difference [17, 21] . Nutrient intakes are governed by different sets of parameters, and the set that governs a particular nutrient intake is determined by the level of the income. By specifying only two sets of parameters, it is assumed that two equations describe two different behavioural regimens in food consumption. These regimens will be referred to as high level of income and low level of income. The latter consists of those whose income is less than 1' and the former is 1' or more. The following regression equations are specified:
where Y t1 and Y t2 are nutrient intake for regimen 1 and regimen 2 respectively, I is the income that defines the regimen, and I* is an unknown switching point that could be obtained by means of special technique (e.g., switching regression technique).
Ideally, we would have used switching regression software to select the appropriate income cut-offs. Such software was not readily available, so we tested a range of arbitrary income cut-offs as part of this work. It is important to note that an alternative approach is to explore the non-linear effects of income in model 1. This would produce a better fit for the income effect but would not consider the central theme of this paper, that the effects of the other covariates or independent variables also change as income changes.
These three models allow us to test systematically for different relationships between income and other socio-economic variables and food consumption.
Selecting an income cut-off
The first step is to determine the appropriate switching point or cut-off for income. To search for the switching point at which income breaks the sample into two distinct groups in nutrient intakes, we first split the sample at 50%, 75%, 80%, and 85%; these percentages correspond to incomes of about Y4,000, Y5,500, Y6,000, and Y7,000 respectively (Y=yuan renminbi). Then we ran two separate regressions for each subsample in the two income groups.
To check whether a structural difference exists between the two groups, the Chow statistic was calculated [6] . The Chow statistic tests whether the null hypothesis that coefficients for two regimens" regression are identical, α = ß, is accepted. If the null hypothesis is accepted, the two equations yield identical coefficients, and there is no structural difference between the two regression equations. Consumption behaviours are the same in the two regimens; otherwise, the two sets of coefficients differ, and it is accepted statistically that consumption behaviours differ for dissimilar levels of income. If the Chow tests are significant, the null hypothesis is accepted, and it will be determined that a structural difference is present in the determinants of food consumption behaviour for different income levels. In this case, it will be essential to consider this relationship if one wants to examine income and consumption relationships accurately. Ordinary-least-squares statistical methods were used for all the equations.
Results
Income cut-off
When the sample is broken at 50% (Y4,000), the Chow test fails to indicate any difference in the parameters for all three nutrients (table 3) . The null hypothesis is accepted. The two sets of regression coefficients were almost the same for all three nutrient intakes. When the sample is broken at 75% (Y5,500) and 80% (Y6,000), the results are mixed. For calories and % fat, the Chow test shows statistical significance. There are differences in calorie intake and % fat intake between the low-and high-income groups. When the sample is broken at 85%, the test shows significant difference (the null hypothesis is rejected) at the 1% significance level for all three nutrient intakes. This shows a statistically significant structural difference in the regression equations for all three nutrients.
It is not surprising that there are different cut-off points for different nutrients, because the impact of income is different. Thus, the cut-off should be selected based on the purpose of the study. Because fat intake is closely associated with socioeconomic development and is important to our concern in researching how diets in developing countries are becoming modern, its significance should be specified. Thus, only when the Chow tests show all three nutrients significant do we define the consumption behaviour as different. Thus, Y7,000 in 1991 terms was selected as the switching point. Marked differences are seen in income and other socio-economic status factors for families below and above Y7,000. Household income is Y3,293 for the lower-income and Y10,709 for the higher-income group; the former is also less educated, more rural, and more northern than the latter. 
Effect of Income on nutrient Intake
Tables 4-6 present the results for fat, calories, and percentage of calories from fat respectively, estimated by three methods. For each table, the first two columns are the results estimated from the first two methods, in which only one regimen was specified. When one regimen is specified, most of the coefficients are statistically significant for the three nutrient intakes. Estimation by equation 1, using income as a continuous variable, shows statistically significant effects for most explanatory variables, which suggests a positive effect on the fat, calories, and % fat consumed. When the effect of these variables is tested in equation 2, which includes interaction terms between income and all explanatory variables, we find that most of the interaction terms have no significance and should be dropped from the final model. This result appears to be contrary to the theoretical hypothesis that the impact of income differs at different levels. However, if the whole population has two different consumption structures switching at Y7,000-with 85% of the population governed by a similar preference structure and impact of income-the results are quite different. The diet of higher-income persons is not affected by most of the explanatory variables. Only a few factors significantly affect the diet of the rich. This is not surprising, since they do not face income or other constraints in their consumption decisions. 
Difference in effects on high-and low-income families
Tables 7 and 8 summarize the results of significance tests for a two-regimen model. The sign and statistical significance of coefficients produced for the one-regimen model is almost identical to that produced from the low-income regimen. This may be explained by 85% of the sample falling below Y7,000. However, the high-income regimen results are substantially different from the one-regimen and the low-income regimen. This result indicates that the nutrient consumption of 15% of the individuals would be misinterpreted or obscured if all individuals from different income levels were mixed. Large differences in statistical significance occurred. Of the eleven explanatory variables, only three are significantly associated with fat and caloric intake for both low-and high-income groups: education, family size, and northern or southern residence for fat intake; and gender, urban or rural residence, and heavy physical activity for caloric intake. Age, gender, smoking, alcohol use, residence, physical activity, and income are significantly associated with the fat intake of the lowincome regimen but not of the high-income group. Age, education, alcohol use, family size, northern or southern residence, and moderate physical activity are significantly associated with the calories of the low-income group but not the high-income group. Of them, the effect of income on the fat intake of the low-income group is significantly different from that on the high-income group.
Income significantly increases the absolute fat intake and percentage of calories from fat of the low-income group, but for the high-income group it has little effect on absolute fat intake and tends to decrease percentage of calories from fat. This is consistent with the previous results. Most of the explanatory variables are significantly associated with fat and caloric intakes of the low-income regimen but are not significantly associated with that of the high-income regimen. This lack of explanatory effect in the high-income group does not appear to result from a lack of sample size, because the group had 15% of the study sample, 805 individuals. It may suggest that a set of unmeasured variables affects the consumption behaviour of the high-income group.
The factors affecting nutrient consumption are different for people at different income levels. Interpretation of consumption behaviour should capture different factors, and promotion of healthful eating behaviours should consider and focus on different factors, based on income level.
Of equal or greater importance, the effect of many key factors is very different for low-and high-income households and also between the one-regimen and two-regimen models. Use of the one-regimen model could lead to misleading policy decisions. Table 9 presents the simulated effects of some variables on the fat and caloric intake. The differences in the effects of variables between the two groups indicate differences in the factors affecting their nutrient-consumption behaviour. For example, among the low-income group, when household income increases by Y1,000, fat and % fat intake significantly increase 3.4 g and 1 percentage point respectively, and caloric intake increases 2.8 kcal, although this increase is statistically insignificant. Yet among the high-income group, fat and calorie intakes decrease 0.2 g and 0.3 kcal respectively, but the decreases are statistically insignificant. The calories consumed from fat significantly decrease 0.1 percentage point. 
Lowincome
Highincome
Lowincome
Highincome
Lowincome
Highincome
-or +, significant at the 10% level.
--or + +, significant at the 5% level.
---or + + +, significant at the 1% level.
A blank space indicates no significance. These large differences show that income changes affect low-and high-income families in significantly different ways. Low-income families tend to increase fat intake and % fat more than high-income families. The increase is usually attributed to consumption of high-fat foods. These differences demonstrate two perspectives:
as income improves, diet quality increases, which helps to eliminate undernutrition; and at the same time, as income increases, there are some negative effects in that rapid increases in fat intake are associated with increased likelihood of obesity and related chronic diseases. Programmes to alleviate poverty or develop the economy should take into account the issues of dietary deficit and excess. 
Other factors affecting nutrient intake
The differences in nutrient consumption behaviour between the two groups are also present for age, gender, alcohol use, urban or rural residence, and physical activity effects. For example, when age increases one year, fat intake decreases significantly 0.11 g for low-income families yet decreases only insignificantly 0.065 g for high-income families. Caloric intake decreases significantly 6.9 kcal for low-income families yet increases insignificantly 0.3 kcal for highincome families. The % fat from energy increases 0.015 percentage point and decreases 0.007 percentage point for the two respectively. Both are insignificant. When rural residents move to urban areas, the fat intake of low-income families decreases 0.48 g, while that of high-income families increases 3.7 g, although both are insignificant. Caloric intake significantly decreases for both types of families; the decrease in high-income families is twice that in low-income families. In high-income families, the % fat increase is almost four times that of low-income families. This shows that the diet of low-income families may be impaired when they move to urban areas, whereas the diet of high-income families could be improved. Similarly, physical activity is associated differently with fat and caloric intakes according to income. Moderate physical activity considerably increases the absolute fat intake of the low-income regimen. Heavy physical activity considerably decreases the fat intake of the low-income regimen but increases that of the high-income regimen. There is no clear interpretation of these differences.
Although the effects of some of the variables on certain nutrients are not statistically significant, they are theoretically or practically associated with food or nutrient consumption and may potentially help to interpret consumption behaviour. Thus, they are still included in the equation and the discussion.
Other considerations
The results suggest that when income and other factors vary, the propensity to increase or decrease some nutrients is substantially different for low-income and high-income families. The effects on the former families are stronger.
The estimates of coefficients α and ß are similar for some variables in terms of their magnitude and direction. It is possible that the effects of some components of α and ß are equal. Therefore, it is worth while to perform some additional tests to verify whether Hi: α i = ß i . Computed statistics are based on the t statistic [20] . The results (table 10) indicate no significant difference among the influence of education, family size, smoking status, and northern residence on fat intake in low-and high-income households. It may be argued that a number of changes may have occurred concurrently with growth in income. For example, education level improved, and changes in agricultural policy resulted in changes in the nature of the food supply by expanding possible choices or by reducing market prices because of a more stable supply. Indeed, the market price increased considerably in past years, which affects the lower-income group more than the high-income group. Compared with full income growth and its effect on diet and all other aspects in China over the past 10 years, most of the other changes occurring during the time would scarcely bias our results.
Discussion
There is substantial structural difference in consumption behaviour between groups whose household income is below Y7,000 per year and those whose income is greater. The results indicate that income increases operate differently for very high-income families than for other families. Among high-income families in the multivariate analysis, income increases are associated with decreased fat and calorie intake, whereas the opposite occurs among lower-income families. In particular, a Y1,000 increase would result in a 3.4-g increase in fat intake in lower-income families. If this same relationship were examined with one model, then a Y1,000 increase in income would result in a 0.8-g increase. It is clear that a very different sense of the magnitude of the income and fat relationship would be derived from these two models. The results also show very different effects of area of residence, physical activity patterns, and several other factors on diet. At present in China the focus is on the nutrition transition. The government organized the National Commission for Food Reform and Development to address many of the problems noted in this paper.
This represents a path-breaking effort for a low-income country to try to address problems of under-and over-nutrition concurrently. The size of relationships such as income and fat, particularly as it relates to income and price increases, is of particular importance to this and a second commission in China. Ignoring this relationship can mask important income and dietary intake relationships and lead to misleading conclusions.
This study also fits into a larger set of changes that are affecting many lower-income countries as they develop. A large transition in diet is occurring in these countries, and its implications for each income group should be understood [22] .
